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ERM-NORTH CENTRAL, INCS
COMMENTS ON THE MARCH 25, 1993
BASELINE RISK ASSESSMENT FOR THE
LENZ OIL SERVICE, INC. SITE
LEMONT, ILLINOIS
JANUARY 24, 1995

This document presents comments on the March 23, 1993 "Baseline Risk Assessment tor
the Lenz Ol Service, Inc. Site, Lemont, Illinots, Revised Final Report” {the RAY
Environmental Resources Management-North Central, Inc. (ERM-North Central) has
reviewed the RA and prepared these comments on behalf of the Lenz Ol Participating
Respondents, as a necessary part of preparing Revision 1 of the Feasibility Studv (FS) tor
the Lenz Oil Site. The RA was prepared by PRC Environmental Management, [nc. iPRC)
under contract to the U.S. Environmental Protection Agency (USEPA). The March 25,
1993 version is a revision of the August 24, 1992 RA, which had been modified to

address ERM-North Central’s comments of October 23, 1992,

1.0 INTRODUCTION
The comments on the modified document are divided into two categories:

. Comments that significantly affect the final results of the RA

Section 2.0, and

Favironmental Reso rees Management - Narth Central, {ne
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. Comments on the extent to which the resusts of the DNATY

vestization arrect conclusions revorted 0 the RA isection

N,
Lo

While the Lenz Oil Participating Respondents do not believe that it is necessary for
USEPA to revise the RA based upon these comments, the Respondents believe the
comments must be considered by USEPA in connection with its evaluation ot the

upcoming Revision 1 to the FS and subsequent decision on the selection of a remedy.

2.0 INHALATION RISKS

[n general, these comments relate to the cancer risks calculated in the RA for exposure
of current adjacent residents and future on-site and adjacent residents via inhalation or
organics naturally volatilized from the soils. These cancer risks, which were calculated
to be abave the low threshold acceptable level of 1 x 107 in the RA, are, in fact, less than
I x 107, as shown in Attachment A and presented on the revised Tables 3.6 and 3.7
Because the inhalation risks are about four orders of magnitude lower than the values

presented in the RA, the risks from exposure to soils should be about four orders ot

magnitude lower than presented in the RA.

Environmental Resources Management - *oorth Central, Inc
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Muore \P“*l-'i‘l]ll‘-', FERNI-North Central disa REN woitls the » «‘x‘fif.inmi TACTTOU Used fo

calculate the volatthzation rates tor organics emitted trone the soils and the
corresponding caculated inhalation risa because the resuthing crssion rates,
. Are excessively high when compared to the results obrained

bv using other methods described in documenits published by
the USEPA and the American Society tor Testing and

Materials (ASTM) (see Attachment A), and

. Deplete all the organics present at the site in less than seven

davs, which is highly unrealistic.

As indicated in Attachment A, at least three other methodologies could be used to
determine the organics emission rates for the on-site soils.  All of these methodologies
result in emissions (and thus, risks from inhalation of volatilized organics) that are about
four orders of magnitude less than those calculated in the RA. ERM-North Central

suggests the use ot the methodology included in the USEPA’s Risk Assessment Guidance

for Superfund: Volume I - Human Health Evaluation Manual (Part B, Development ot

Risk-Based Preliminarv Remediation Goals) (Interim, NTIS PB 93-963333, December 1941

because it was specifically developed for use at Superfund sites. Specific comments
regarding this issue are set forth below, in the order in which the related information

appears in the RA report.
L. Pages 81 through 95, Section 4.3 - The parameters that are included in this

section should be reevaluated after addressing the corrections indicated in these

comments. For example, trichloroethene, tetrachloroethene, benzene, and trans-

trnvitonmental Resources Management - North Central, Ine
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Po-dichioropropene wowd no fonger produce cancer visas above T T as
result of the exposure of future residents via inhalation or crganics velatilized
from the Area B osoilss Decause the corresponding cancer risks from exposure to
these parameters via ingestion of and dermal contact with soil are less than 1~
107, the rour atorementioned volatile organics would no longer be compounds or

concern.

Page 103, 5th through 7th Lines - The air concentrations calculated by using the
equations in Appendix F are unrealistic, i.e, they result in all of the volatile
organics volatilizing from the soil in less than seven davs, which is certainly not

the case at the site. The RA should be moditied by:

. Recalculating the ambient air concentrations in Appendix E by using one
of the three methodologies referenced in Attachment A to obtain more

realistic results;

. Modifving the associated tables in Appendix | by using the revised

ambient air concentrations; and

. Adjusting the conclusions presented in this section, as well as in Section 7.0
and the Executive Summary, to reflect the new results ot the Appendix |

calculations.

Page 141, 2nd Paragraph - As indicated in Comment 4a and discussed in
Attachment A of this comment document, all of the inhalation risks should be

recalculated.

Fnvironmental Resources Management - North Central, Inc
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Appendix £

b.

Pages E-1 through E-3 - The new equations bemy used to calculate the o
emissions resulting from the volatilization of organics rrom the sotls result
in the depletion of all of the volatile organics trom the site soils in less than
seven davs. Attachment A of this comment document summarizes the
caleulations performed to arrive at this conclusion, and lists three other
methodologies that could be used to calculate the air emissions that would
result in more realistic air concentrations and inhalation risks. To be more

realistic, the methodology in the USEPA’s Risk Assessment Guidance for

Supertund: Volume [ - Human Health Evaluation Manual (Part B,

Development of Risk-based Preliminary Remediation Goals (NTIS PB 42-

963333, December 1991) should be used for the calculation of the ambient

air concentrations resulting from the volatilization of organics from soils

and all of the inhalation risk calculations should be repeated.

Page E-2, Definitions of R and T - The values given for these two
variables are incorrect. The value of the gas constant should be 8.2 x 0
aim-m'/mal-"K and the temperature 293 'K. The value shown for the zas

constant on this page is actually the value of the product of R x T.

Page E-4, Table E-1 - Some of the soil concentrations shown on this table
do not coincide with the RME values developed from the data presented
on Page C-19 of Appendix C as indicated on Page 28. The methodology
includes using either: (1) the maximum detected concentration if the "95-

Percent UCL" is higher than the maximum detected concentration, or (2)

Fovironmental Resoirces Management - North Central, Ine
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the wa-Percent UCL otherwise. Speairically, the son concentrations tor one
rollowing parameters are  different from those develored byousing
Appendin C: methvlene  chlorder 1L -trichloroethane: 2
methyinaphthalene;  phenanthrene;  anthracene;  di-n-butviphthalate;
tluoranthene; pvrene; benzo(a)anthracene; chrysene; benzotbifluoranthene:
benzotk)tluoranthene;  benzo(ajpvrene; indenoil,2,5-cdiperviene;  and

benzo(g,hi)pvrene.

d. Page E-5, Table E-2 - The soil concentrations shown on this table tor
methylene chloride; trans-1,3-dichloropropene; toluene; di-n-butyiphthalate;
butvl benzyl phthalate; bis(2-ethylhexvl)phthalate; benzo(bjfluoranthene;
benzo(k)tluoranthene; indeno(1,2,3-cd)pyvrene; benzo(g h,i)pervlene; and
Aroclors 1242 and 1254 do not coincide with the RMEs developed by using

Appendix C, Page C-22.

Appendix |, Tables J-7, J-10, and J-14 - These tables should be moditied atter the
air concentrations are recalculated. Also, according to Table 4-4, the inhalation

slope factor for benzene in Table J-10 should be 2.9 x 107 instead of 2.4 x 10

tnvironmental Resources Management - North Central, [ne
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3.0 EFFcCT OF THENEWLY COLLECTED SOIL DATA ON THE BASELINE RISK
ASSESSMENT RESULTS

Between August 2 and 501994 ERM-North Central collected tour additional soil samples
during the installation of piezometers P-01, P-U6, P-08, and I'-13 to delineate the extent
ot the light nonagueous phase liquid presented at the Lenz Ot Site. These comments
present an evaluation ot the etfect of the newly collected soil data on the Baseline Risk

Assessment [RA] tor the Lenz Oil Services, Inc. Site, [ emont, [llinois, prepared by PRC

Environmental Management, Inc. dated March 25, 1993

The laboratory analvtical results for the additional soil samples, which are summarized
in Table 3-1, were compared to the soil deta obtained during the Rl Based on this
comparative analysis, the following three parameters were not detected during the RI

but were found during the LNAPL investigation at the concentrations shown:

. Chlorobenzene, 6 | ug/kg;
. 3 Nitroaniline, 97 | ug/kg; and
. n-Nitrosodiphenylamine, 1,900 | ug/kg.

On December 28, 1994, ERM-North Central performed a search of the Us
Environmental Protection Agency’s (USEPA) Integrated Risk Information System on line
database and the 1994 Health Assessment Effects Tables to determine the available
toxicity factors for these parameters. The toxicity factors, detected soil concentrations,
and RA equations (shown on Pages 47, 50, and 96 of the RA) were then used to calculate
the risks resulting from the ingestion and dermal contact with these parameters by

future on-site residents.

tavironmental Resources Management - North Central, Inc,
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As shown i Tabie 3-2, the caleulated excess carcinogenic and roncarcinogenic risks
resulting from exposure fo these parameters are at least two and rour orders ot
magnitude lower than the total calculated excess carcinogenic and noncarcinegenic rsas
presented in the revised Tables 53-6 and 5-7 tor the site soils. Thererore, the risks
resulting trom compounds detected during the LNAPL investigation but not detected

during the RI, do not change the total risks calculated from the site soils, as shown in

the revised Tables 3-6 and 3-7.

Environmental Resources Management - North Central, Inc
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TABLE 3-2
CARCINOGENTIC AND NONCARCINOGENIC RISKSTOR
POTENTIAL ADDITIONAL PARAMETERS OF CONCERN
LENZ OIL SITE
LEMONT, ILLINOIS

Parameter Chlorobenzene  3-Nitroaniline . n-Nitrosodiphenvlamine
Toarcity Faciors
Oral stepe Factor Toimay s ) N N b
Oral Reterence Dose, mugy s d nel NN NA
Concentration, my ke D000 | SR b
Sotl Ingestion Rate, myg o d
c Child 200 200 20
PooAduls e 100 10
Absorptien factor .25 01 vl
Soil-to-skin Adherence Factor, mg/em”2 1 ! :
Surface Area Available tor Contact, cm”2 f
Child 1048 RS | Lo
|
Adult 2,566 2.6bn ‘ RIS
1 Body Weight, ke :
| Child 15 = 15
[ Adult 7 T i
i Exposure Frequency, d)vr 350 350 ENE
Exposure Duration, vr
| Child o) n t
P Adult 24 24 24
| . :
i Averaging Time, d
Carcinegenic 25,550 23,550 23550
Noncarcinogenic
Child 2,180 2,194 ALY
Adult S, 60 8,760 ; S.7ed
f |
Il Conversien Factor, kg /myg 1E-06 1E-06 1E-tb
Risk trom Soil Ingestion
Carcinogenic NA NA | LE-0N
Noncarcinogenic 1
Child : 4E-Ub NA NA
Adult ! 1E-07 NA NA
Risk from Dermal Contact with Soil
Carcinogenic NA NA 2E-0s
. Noncarcinogenic i
! Child SE-Uh . NA NA
f‘ Adult 3E-0n ; NA NA
5 CPEILESEAM:SEA0LC" 7 HOPWNEWSCIRIWE 11247




Fxposure Pathway

Surtace Water
Dermal Contact
Ingrestion

Lotal Fxcess Cancer Risk Surtace Water

Sediment

Dermal Contact

Lotal Excess Cancer Risk Sediment
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Diermal Contact ¢Area B)

Inpestion (Area By

Inhalation, Darticulates 1A e By

Inhalation, VOXC T rmissions {Area B)

[otal Facess Cancer Risk - sl

Groumnd Water
foyestion
Diermal Contaat

fohalation, Shower VOO Ermsstons

Total Fuoess Cancer Risk - Crronnd Water

TOTAL EXNCESS CANCER RISK

TABLE 5-6

(REVISED - JANUARY 1995)

SUMMARY OF ENCESS CANCER RISKS

LENZ OIl SITE

LEMONT, ITLINOIS
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FABLES-7

(REVISED - JANUARY 1995)

SUMMARY OF HAZARD INDICES
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ATTACHMENT A

BASELINE RISK ASSESSMENT COMNMENTS
EVALUATION OF THE METHODOLOGY USED
TO CALCULATE AMBIENT AIR CONCENTRATIONS
FROM THE VOLATILIZATION OF ORGANICS
LENZ OIL SITE
LEMONT, ILLINOIS

1.0 INTRODUCTION

This attachment to the Comments on the March 25, 1993 "Baseline Risk Assessment tor
the Lenz Oil, Inc., Site, Lemont, Ilinois” (the "RA") presents an evaluation or the
methodology used to calculate the estimated ambient air concentrations produced by the
volatilization of organics at the site.  This evaluation was prompted by the high
calculated cancer risks of more than 1 x 107 for volatile organics detected at
concentrations lower than 0.5 mg/kg. The associated level of volatilization resulted in

the dissipation of all of the volatile organic coripounds (VOCs) trom the site in less than

seven days, which is highly unrealistic.

After reviewing the available data, Environmental Resources Management-North Central,
[nc. (ERM-North Central) used other methodologies published by the U.S. Environmental
Protection Agency (USEPA) and the American Society for Testing and Materials (ASTM)
to calculate the ambient air concentrations for the Lenz Oil site as a comparison check.
The results of these calculations show that the concentrations presented in the RA are
at least three orders of magnitude higher than the concentrations caiculated by using
other methodologies. Therefore, a more realistic  ocedure should be used to estimate

the ambient air concentrations resulting from the volatilization or organics.  The
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of the RA and b briet summary of possibie alternatve protocois,

2.0 BASELINE RISK ASSESSMENT METHODOLOGY

As shown on Pages E-1 through E-3 of Appendix E of the RA, ambient air

concentrations were calculated by using the Farmer model described in the USEPA'S

Superfund Exposure Assessment Manual (EPA/I0/1-883/7001,  April 1988, and

determining the =oil gas concentrations by using the USEPA’s Air/Superfund National

Technical Guidance Study Series: Assessing Dotential Indoor Air Impacts for Supertund

Sites (EPA-131/7R-92-00, 1992). The results of the calculations are shown on Tables E-1

and E-2 of Appendix E of the RA.

The time required for the compounds in the soil to be depleted through volatilization
can be calculated by using the initial mass of the compound in the soil and the

Appendix E emission rate per square meter, as follows:

t = M
I’
Where:
t = Time for depletion of the organics, d
Mo = Mass of the organic chemical in the soil, ¢
= CxexVxIx10"g/ug
C. = Soil concentration, ug/kg

e = Soildensity = 1700 kg/m



\ o Contaminated sot volume, m
= Yo Li
A Contaminated sotl area = 3,300 m- and 17,200 m- tor Areas A and B sotls,
respectivelv (see Page F-4 of Appendin F)
4 = Contaminated soil depth = 3 m for both Arcas A and B
= Emussion rate, g/d
= B A X 86,400 s/d

I = FEmission rate per square meter, g,r”s,’m:

For example, the depletion time interval for benzene {i.e., from the Area A soils), would
be calculated by using a value of C_ of 149 ng/kg and a value of Eof 312N 100 g 'some

as listed on Table E-1 of Appendix A.

The resulting time 1s:

t o= {149 ue/ke) (1,700 kg/m) (5,300 mo) (3m) x (1 x 107 g/pa)
(3123107 g/s/m) (3,300 m) (86,400 s/d)

= 282 davs

The depletion times for the other parameters of concern in the Areas A and B soils (1e,
parameters shown with a calculated cancer risk higher than 1 x 107 on Tables J-10 and
J-14 of Appendix | of the RA) are provided on Table A-1 of this Attachment A, As
indicated in Table A-1, all of the calculated times for the dissipation of all of the VOC

mass in the soils are less than seven days.



3.0 OTHER GUIDELINES

Methodologies to caleuiate the ambient  air concentrazions reswting ctom the

volatilization ot organics were obtained from the tollowing sources:

*  Egquation 17 in the USEPA’s Air/Supertund National Technical

Guidance Study Series, Volume 1 - Estimation ot Baseline Air

Emissions at Superfund Sites, EPA-450/1-89-a, August 1990.

¢« Equation 8 in the USEPA’s Risk Assessment Guidance for

Superfund: Volume [ - Human Health Evaluation Manual (Part

B, Development of Risk-based Preliminary Remediation Goals),

NTIS PBY2-963333, December 1991. This equation provides a
volatilization factor (VF) in m*/kg. The ambient air concentration
can be calculated by dividing the soil concentration bv the

calculated value of VFE.

« Equation for calculating the value of VF_ . in kg/m’ (i.e., the
factor to estimate volatilization of organics from subsurface soils

to the ambient air) in the ASTM’s Emergency Standard Guide tor

Risk-Based Corrective Action Applied at Petroleum Release Sites,

ES 38-94, July 1994, The ambient air concentration can be

calculated by multiplving the soil concentration times the

calculated value ot VF__ ..



Copies of e specimic tages of these documents that prosert e atorementione.d
eutations are attached as Exbibit Av Table A-2 presernts o comparisor of the values or
Corthe emission rate per square meter caleulated by using the methods i the R and
the USEPA 1wt document, and (2) the air concentrazions calculated by using the method
i the RA and the USEPA 1991 and ASTM documents. [n addition, the chemical-specitic
data required for these calculations are shown on Table A-3. As indicated in Table A-2,

the values calculated in the RA are approximatelv four to six orders of magnitude higher

than the vaiues calculated by using anv other guidance.

4.0 CONCLUSIONS

Based on the values presented in Table A-2, the risk from the inhalation of volatilized
organics would be about four orders of magnitude lower (ie., given the lincar
relationship betweenrambient air concentrati n and risk) than those presented on Tables
J-10 and J-14 of Appendix | of the RA and are, theretore, not of concern tor the Lenz Oil

site.

L
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_Parameter

TIME FOR DEPLETION OF ORGANICS IN SOILS AS A RESULT OF VOLATILIZATION
BASED ON THE BASELINE RISK ASSESSMENT CALCULATIONS
LENZ OIL SITE

Trichioroethene
Tetrachloroethene
Benzene

Trichloroethene
Tetrachloroethene
Benzene

trans-1,3-Dichloropropene

| S ———

TABLE A-1

LEMONT, ILLINOIS

Contamina‘ed Mass of Normalized
Soil Soil Contaminated | Contaminated Soil Contaminant ! Emission
Concentration | Density Area Depth Volume in Soil Rate

(ugrkg) | (kg/m3) (m"2) (m) (m~3) (@ | gsmee)
74.9 1,700 5,300 3 15,900 2.02E+03 1 48E-06
100 1,700 5,300 3 15,500 2.70E+03 1.78E-06
149 1,700 5,300 3 15,800 4 03E+02 312E-07
69.7 1,700 17,200 3 51,600 6.11E+03 1.381-06
217 1,700 17,200 3 51,600 1.90E+04 3.86E 06
15.9 1,700 17,200 3 51,600 1.39E+03 3 33E-07
2.07 1,700 17,200 3 51,600 1.82E:+02 1.778-08

S ) N
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TABLE A-2

COMPARISON OF EMISSION RATES AND AMBIENT AIR CONCENTRATIONS
CALCULATED BY USING DIFFERENT METHODOLOGIES
LENZ OIL SITE
LEMONT, ILLINOIS

S I .
‘ Normalized Emission Rate Ambient Air Concentrations
__(g/sim*2) o (@m~3)
Baseline Risk Baseline Risk ‘
Area | Parameter . Assessment |USEPA, 1990 | Assessment |[USEPA 1991 |[ASTM ES 38-94 |
A Trichloroethene 1.48E-06 2.05E-10 | 2.25E-01 6.80E-08 ] 7.46E-06 i
Tetrachloroethene 1.78E-06 9.71E-11 2.96E-01 8.57E-08 LI0E-05
Benzene 3.12E-07 4.53E-11 4.18E-02 1.37E-08 1.39E-06 1
B Trichloroethene 1.38E-06 1.90E-10 2.10&-01 1.15E-07 6.95E-06
Tetrachloroethene 3.86E-CL 211E-10 6.43E-01 3.39E-L.7 2.40E-05 11
Benzene 3.33E-07 4.83E-1 4.46E-02 266E-08 | 1.4BE-06 f
trans-1,3-Dichloropropene t 1.77E-08 2.38E-12 2.34E-03 ' 188E-09 ! 6./3E-08 i
| | |
Key:

USEPA, 1990 = AIR/SUPERFUND NATIONAL TECHNICAL GUIDANCE STUDY SERIES VOLUME 1l - ESTIMATION OF
BASELINE AIR EMISSIONS AT SUPERFUND SITES, U.S. Environmental Protection Agency, EPA-450/1-89-002 4,
August 1990.

USEPA, 1991 = RISK ASSESSMENT GUIDANCE FOR SUPERFUND: VOLUME | - HUMAN HEALTH EVALUATION
MANUAL (PART B, DEVELOPMENT OF RISK-BASED PRELIMINARY REMEDIATION GOAL S) Interim,

U.S. Environmental Protection Agency, NTIS PB 92-963333, December 1991,

ASTM ES 38-94 = EMERGENCY STANDARD GUIDE FOR RISK-BASED CORRECTIVE ACTION APPLIED Al

PETROLEUM RELEASE SITES, ES 38-94 American Society for Testing and Materials.



TABLE A-3

ADDITIONAL PHYSICO-CHEMICAL DATA REQUIRED TO CALCULATE THE
VOLATILIZATION OF CONTAMINANTS FROM SUBSURFACE SOILS
LENZ OIL SITE
LEMONT, ILLINOIS

: _— ! R
( | Effective ‘ 5
Diffusion | Organic Carbon | Effective Soail/Air
Henry's Law Vapor Molecular | Diffusivity | Diffusivity | Coefficient | Water Partition . Diffusivity | Partition
Constant (1) | Pressure | Weight in Air (1) | in Water in Soil Coefficient (1) = in Air Coefticient ~ Alpha
Area Parameter (atm-m~3/mol) (atm) {g/mole) (cm”2/s) {cm"2/s) (cm”2/s) ___(ml/g) LolemA?rs) | (gremtE) | e 2 s)
=t SN 15 J A I i 2 L2l
1
A Trichloroethene 0.0091 0.0762 131 8.12E-02 9.65E-06 2.01E-02 126 | 5.74E-02 2.96 ’ 00278
Tetrachloroethene 0.0259 0.0234 166 7.41E-02 8.69E-06 1.83E-02 364 5.24E-02 292 LOo2se
Benzene 0.00559 0.1253 78 9.23E-02 1.10E-05 2.29E-02 83 6.53E-02 276 ' 0 D308
B Trichloroethene 0.0091 0.0762 131 8.12E-02 9.65E-06 2.01E-02 126 5.74E-02 2.496 00278
Tetrachloroethene 0.0259 0.0234 166 7.41E-02 | B.69E-06 1.83E-02 364 b5 PAE-02 2.92 D' oopes
Benzene 0.00559 0.1253 78 9.23E-02 1.10E-05 2.29E-02 83 1 6 53k 0 276 RS
trans-1,3-Dichloropropene 0.0013 0.0329 111 9.35E-02 | 9.59E-05 2.33E-02 48 ‘l 6.61E-02 111 oot

Other Parameters:

RT {atm-m~3/mole) 0.024
Organic carbon content of soil (g/g) 0.001
Total soil porosity (cm”3/cm»3) 0.35
Depth of soil cover (cm) 305
Length of contaminated area (m)

Arca A 91

Area B 162
Wind speed (m/s) 4.6
Dispersion height (m) 2
Exposure interval (s) 7.9E+08
Volumetric air content of soil (cm”3/cim”3) 0.23

Volumetric water content of soil (cm”3/cm”3) 0.12

S LU R A T T e e A e
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waste placed in hazardous and industrial waste landfills minimize gas

production due to biodegradation.

Limitations--

The Shen Model does not account for the landfill gas losses in leachate
systems, run off, or soils. But here again, due to the inert properties of
the volatile constituents, this accountability is considered by Or. Shen to te
minute. The Shen Model also assumes that the sail is completely dry with no
internal gas generation. However, the Shen Model can be modified to account
for biogas generation with a multiplicative factor of 6. This assumption
would tend to overestimate emissions by not accounting for actual wet soil
conditions Selow the soil cover layer. As with the Farmer Model, the Shen
Model does not account for emissions due to meteorological fluctuations (e.g.,
barometric pressure pumping).

Another limitation of the Shen Model is the incorporation of Raoult’s Law

Racult’s Law is applicable

to relate the waste composition to emission rate.
Application

only to waste saturated with constituent i and jdeal solutions.
of the Shen Model to wastes containing dilute concentrations of the
constituent i is likely to result in an overestimate of emission rate.

SEAMS Madel--
The model recommended in the U.S. Environmental Protection Agency's SEAMS

manual is a slightly modified version of the Shen Model (41). This modified
model was proposed by Farino et.al. (49) who found that a more accurate
approach would be to multiply by the mole fraction of the volatile component

in the buried mixture.

E

L

- 4/3, M, (Eq. 18)
= 0CA (PY)
- emission rate of the component i (g/sec); ,

« diffusion coefficient of component in air (cm /sec);

where: E

0

C, = saturated vapor concentration of component i (g/cm3);
A

P

= exposed area (cm?);
= total soil porosity (dimensionless);
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L = effective depth of soil cover (cm); and
M, = mole fraction of component i in the waste (gmole/gmole).

The SEAMS manual provides guidance on methods for estimating or calculate
values for the model input parameters (41).

Applicability--
The SEAMS model applies tu the same situations described for the Shen

model.

Limitations--
The SEAMS madel and Shen model have similar'limitations; however, the
SEAMS model relates the waste composition to the emission rate more

accurately.

Thibodeaux a Model--

The Thibodeaux a Model (43,49) was developed by Thibodeaux to estimate
the emissions of volatile constituents due to interphase vapor transport from
landfills with no internal gas generation. The model is derived from Fick’s
Law of steady state diffusion. Molecular diffusion is the controlling and
only transport mechanism addressed by the Thibodeaux a Model for the movement
of volatile constituents toward the soil/air interface and then to the
overlying air. To describe this mechanism, the two-resistance theory is used
to describe the two-film resistance in which the movement of chemical
constituents is limited by their ability to diffuse through the soil and after
migration from the surface, through the air.

The model assumes that a pure component i exerts its pure component vapor
pressure under the earth, subject to normal geophysical and meteorological
factors. Thibodeaux defines an overall mass transfer coefficient to describe
vapor movement which is hindered by both the resistance due to soil
characteristics and diffusion resistances at the air interface.

E, = 'K, (C,-C;;) A (Eq. 19)
Byo= By + € (Eq. 20)

sot atr/soil
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cnemveal oroce
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a0 orafararcs matarais such as
=a2adily accassible comouterzad

P al
et cal zata e misirg

procerty sneess TR sectar

ety ot s e

KFTOEER N a0

CTATHING, S L T TS e

3 HRE

syaters ars gralab e oo oredizt a rarge of pertinent
v zal cropertas Tre Someutenzec Grachic
Eqosira Nodahng System (GZMS: and its
siosystarn TREMEST. s an example The ZFA

T 5
- .7

levelcced and s

of Toxic Substarces .n Washington, D.C. has
managing this systam. essentaily a

Aernzaa versicn of Lyman et all (18821, it can
2e rapidly accessed to estimate the chemical
cnaractenstcs necessary for vclatlizatnon estimation.

Tomoitanzan

“re user of this manrual can refer to Farng et al.
113831 for a detaled review ard evaluation of existing
equatorns for estimating volatihzation from
uncontreiled hazardous waste sites. This repcrt
gresants a survey of avalabie air release models for
volatie subs:ances and z cnitical analysis of the
apclhications ard amitatens of each.

(1 Landfills Without internal Gas Generation
Squation 2-3 car be used to estimate volatile
reieases from covered landfills containing toxic
matenals alone. c¢r toxic materals segregated from
other iandfilled nonhazardous wastes. Equations 2-4
through 2-7 are used to calculate certain input
vanables that are required to apply Equation 2-5.
Farmer et al. (1378) developed an equation 1o
estimate the effectiveness of varicus landfill cover
types and depths in controlling voiatile releases. This
equatior, based on Fick’s First Law of steady state
diffusion, assumes that diffusicn into the atmosphere
occurs at a plane surface where concentrations
remain constant. It ignores biodegradation, transport
in water, adsorption, and production of landfill gas.
Ciffusion of the toxic vapor through the soil cover is
the controlling factor. It also assumes that there s a
sufficient mass of toxicant in the landfill so that
depleticn of the contaminant will not reduce the
emission rate.

Equation 2-3, simplified by Farmer et al. (USEPA
1380k, ncorporates a number of assumptions (see
Fanno et al 1983 for a complete discussion), such as

completely (worst case} and zero

o sod

tempLienzed dIscersicn megeing can de usec 1o
t s crmanly a tect ‘or
‘ate. Thus. refer 0
for detarec
uncontrc leg

° r‘-\.("").,l,‘ﬂ
tctam contaminart release rates,
Jetermicing  cortam rant atmaosonens
Chaoter 3. Erv.oznmertal Fite Anaiys:s,
siscussiors of ar Jdiscerscn mcodels aconcace o
hazardcus waswe facutes

16

Toater 13l e o
SLrace. SOOI P LS e nfied
spuater o calonaatag
that orsvides 2 Toxio
multciying the tasc

Sartamiraled surace arsa

P Laper Mo rata oo foem
sapar
2L3T00

Ir o tor

-

o2 Ty

e expasaes

Y

=ren voohieds

‘ha equathor broanow o ator o tre soiat canon
rzt2 ot 3 sgecto cemponee e cyeral o roxs
mixture Sy multoiyirg oy the owernt fractor or che
comoonent N the mixiurs moweLar s oomtes gt
Doy Fanra et al 11385 3 more ac e aporoach

would te co multicly oy the mele racticn 31 the toxe
comeerent n the auned mixiure Farmer's
eguation, as modified by Shen [“381) ard Fanro =
al. 113831, s

ToLs.

oM
E=DC aAlp¥)—
! 31 - d

S0

where

E, = emission rate of compcnent 1, (g sec).

D, = diffusicn coefficient of zcmponent + 0 arr,
tcm? sec.

Cs; = saturaticn vapor concentratorn of compaonent
/, {g.cm3y,

A exposed area, icmZ)

Py = total soill porosity. (dimens.cniess:

M, = mole fraction of tcxic comporent 1 n the
waste.(gmole gmole).

ds. = effective depth of soil zover, {cm).

Note that total soil porosity, rather than ar-filled scil
porosity. is used in this equation. The presence of
water in a soil cover will tend to decrease the flux rate
of a volatile compound by effectiveiy decreasing the
porosity. and also by increasing the geometric
ccmplexity of the soil pore system (because water
adheras to soil parucles), thus effectively increasing
the vapor path (USEPA 1980b). Farmer et al.
suggest, however, that when using their equation to
design a landfill cover, the total porosity value be
used (USEPA 1980b), thereby designing for the worst
case (i.e., dry conditions). In maost instances, it will be
apprepriate to apply this same worst-case logic te
the analysis of valatilization release from landfilled
wastes. assume that landfill cover soils are dry, and
use a value for total porosity :n Equaticn 2-3. It is
recognized, however, that there may be situaticns
where 1t can be shown that cover sois exist in 3 wet
condition more often than in a dry cne. 'n these
cases, the air-filled soil porosity (Pa) may be more
appropriate, and this value can be substituted for Py
in Equation 2-3 when araiyzing volatitzation reiease.

If not provided in existing literature, Dj, a campcund’s
ciffusion coefficient {required fcr the above eguaticnt,
can be calculated by Fuller's Method (Perry and
Chiiton 1973):



e 1
S
o o
A
D o= (2-4)
Py by b
where !
T = U remperature, K

Coutar weigihts ortexic

siostancs anc arr (28,835,

espectvely, 15 mole),

ansolute pressure. 'atm).

\ = moecuiar aiffusicn volumes of
toxic substance and air (20.170.
“his s the sum of the atomic

3 Hfusion valumes of the
compcound components,
izm3 maole).

To estimate shcrt-term (maximum) release rates,
use a value for the temgerature that reflects the
expected summer maximum temperatures. Annual
average temperatures should be used to initially
estimate long-term ‘average) release rates. This
initial estimatec ‘cng-term release value will be
revised as descriced in Section 2.3.3 to develop final
long-term release estimates.

Re_feva_nt atomic diffusion volumes for use In
astimating D; are (Perry and Chilton 1373):

= -20.2
=-202

= 16.5 Cl = 13,5  Aromatic ring

= 1.98 Br = 350 Heterocyclic ring
=548 F = 250"

5869 S =170

Table 2-3 presents diffusion coefficients that have

been calculated for a variety of compourds. some of
which may be present at abandoned sites.

i

Z 0 IO

An alternative methcd (Shen 1981) fcr approximating
Di involves the identification of a compound listed in
Table 2-3 that has a molecular weight and molecular
diffusion volume (calculated) similar to those of the
toxic substance uncer evaluation. The unknown
diffusion coefficient can then be calculated using:

D :D'( MW .1 (2-5)
1 LMW }
1
wherea
Di = diffusion coefficient of the ccmpound to
! be estimated from the known D’.
D" = difusion coefficient of a compound that
can be found 'n the table, the mclecular
-_—

TTs value s from Sren (19815

WEIGNE ard At Losor s soome ot

whicr ars Slose o AT or e rRpDown

MU = molecuar wegl A :

Tt

somrecura D

MV = melecuiar wengbt of e Conpourd e
ce asumated.
Total scu zorcsit,, P oo Do cansiaied s iedcws
USERA 138ChH
S 200

whers
P, = ctai soil perosity, (dimensicnless.
B = scil butk density, " {g-em3): gereraily

between 1.0 and 2.0 gcm3.
p = partice density, (g cmJ): usually 2.65
g'cm3 used for most mineral material.

For estimation, P, carn be assumed o be
approximately 0.85 for dry, non-compacted soils.
and abcut 0.35 for compacted sciis. This same value
(0.35) 15 also appropriate fcr use as a generic arr-
filled soil porcsity (Pa) when analyzing the
volatiization release from scils with a hign moisture
content (Shen 1981). Alternativery. the iccar Soll
Conservaticn Service cffice can te contacted ‘@
obtain site-specific estimated air-fillec scil porosity
values for specific focations.

Saturation vapar concentratior, Cgi. can be
determined by (USEPA 1380t
pIMW, (2-7)
C =——
31 RT
where
C,, = saturation vapor ccncentration of
component i, (gcm3).
p = vapor pressure of the chemical.™ (mm
Hg).
MW,; = mole weight of compcnent I, [g-mole).
R = molar gas constant, (62,361 mm Hg-
cm3 mole-*K).
T = absoiute temperaiure. Ki.
Again, use maximum summer temperatures to

estimate short-term release ard arnua’ average
temperatures to initially estimate lcng-term reiease.

~ e

" Values ‘or scil tulk density for spectiec ‘ccaters can be
obtaired ‘rem the L 3. Scil Conservatcn Servce. Sous 3 Fie
data dase.

= If the vacor pressare of 3 Zherucai urcer ©2ns c2rabar s "ot
avaiab e r stardard -eferarce ex!s, 2sumae T as gsonoed o
Lyman 2t 31 {1982).
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